Abstract In this study, the kiln drying yield of 30 mm Rubberwood (Hevea brasiliensis) furniture stocks with presteaming treatment was evaluated. The results revealed that pre-steaming increased the permeability of the wood, hence increasing the drying rate while reducing drying defects. It was found that the pre-steaming treatment should be included in the drying of Rubberwood in order to reduce the overall drying costs as well as improving its quality.
Introduction
Rubberwood (Hevea brasiliensis), one of the most extensively used wood materials in the South East Asian value-added wood products industry is plagued by its low processing recovery (Ratnasingam et al. 2010) . It has been revealed that almost 63 % of the initial stock is lost during the various processing stages from saw-log to furniture (Ratnasingam and Scholz 2008) . The presence of a large proportion of tension-wood in the Rubberwood, which results in stresses in the wood, accounts for the low recovery (Ratnasingam and Scholz 2009) . Although the saw-dry-rip (SDR) method has been shown to be successful in increasing the sawmilling yield of Rubberwood, its effectiveness in reducing kiln drying defects remains ambiguous (Ratnasingam and Scholz 2012) . In this context, the application of presteaming treatment prior to the drying process appears to be an option as previous research has shown that pre-steaming can increase the drying rate and reduce stresses during wood drying (Alexiou et al. 1990 ). However, the effects of pre-steaming are wood-species specific, and studies on Rubberwood are not available. Therefore, a study was undertaken to evaluate the effects of pre-steaming on the drying quality of 30 mm thick furniture-grade Rubberwood stock.
Materials and methods
The study was carried out in six commercial Rubberwood kiln drying facilities in Malaysia. 30 mm thick green Rubberwood sawn timber obtained from trees of various age classes were marked accordingly, stacked with stickers and dried in the steam heated kilns in accordance with the standard industrial kiln drying schedule for Rubberwood (dry-bulb temperatures: 40.5-65.5°C, wet-bulb temperatures: 38-44.5°C). The air velocity in the drying chambers was maintained at 1.5 m/s, while the steam pressure at the boiler was maintained at 5 bar. A restraining weight (of about 100 kg/m 2 ) was placed on top of each stack of the kiln charge to ensure straightness of the sawn timber. The kiln charge was dried until the final moisture content of 8-10 % was achieved, monitored by using sample boards placed within each drying charge.
A total of 60 m 3 of sawn timber were used in this study, and 30 m 3 of the stock were subjected to pre-steaming treatments, while the balance of the stock were kiln-dried according to the industrial schedule. Pre-steaming, using saturated steam at 100°C was applied to the charges for 5, 10 and 15 h, prior to actual drying process. All the kiln charges were stress-relieved at the end of the drying process by increasing the dry-bulb and wet-bulb temperatures to 80°C for 8 h before discharging. All the kiln dried wood samples were physically examined for the extent and types of drying defects as well as colour changes. Colour on the surface of the sawn timber was measured using a reflectance colorimeter (Colorflex, Hunterlab). The colour was represented using the CIELAB colour space designation, where L* is lightness, a* is red-green share and b* is blue-yellow share.
Results
The results showed that pre-steaming treatment improves drying rate and yield of Rubberwood sawn timber. The drying rate was reduced by 25 %, while the drying defects were reduced by 38 %, compared to the stocks dried without the pre-steaming treatment (Tables 1, 2) . Further, a strong correlation between the amount of tension wood present and the incidence of drying defects was also observed, similar to previous reports by Ratnasingam et al. (2010) and Diawanich et al. (2010) . Generally, sawn timber from older trees has a lesser proportion of tension wood, which in turn reduces the incidence of drying defects and vice versa as reported previously by Ratnasingam et al. (2010) . Tension wood with its markedly different anatomical characteristics increases the longitudinal shrinkage and the stress build-up in wood, especially after drying (Zobel and van Buijtenen 1989) .
Pre-steaming also influenced the extent of drying defects manifested in the sawn timber after the drying process. Drying with presteaming for 15 h 9 11 13 22 15 6 39/56 11 60
Honeycomb was evaluated using the prong test, which also reflected the residual stress in the sample
The different types of drying defects in % are based on the average defect reported in Table 1 All drying schedules involve a stress relieving period No significant color differences were observed between surface and core of lumber under the different treatments T twist, S spring, B bow, EC end check, S p split, HC honeycomb * Drying cost calculated based on drying time and average defects-allowable defects in % Studies by Alexiou et al. (1990) and Srivaro et al. (2008) have shown that pre-steaming reduces the stresses in wood, especially by increasing the permeability of the wood. This in turn reduces the moisture-gradient between the core and the surface of wood, which inevitably reduces stress buildup (Diawanich et al. 2010) . Warp (including twist, spring and bow), end check, split and honeycombing were significantly reduced in the pre-steamed stock compared to the non-pre-steamed stock. From a colour perspective, it was found that pre-steaming had no significant effects on the colour of Rubberwood. Once the stocks are machineplaned as practised in furniture manufacturing, no differences in colour were observed between the pre-steamed and non-pre-steamed stocks (Table 2) .
Industrial implications
This study reveals that pre-steaming is a treatment that would be beneficial to be incorporated into the drying system of Rubberwood in South East Asia in order to increase its overall processing yield. The results from this study confirm that pre-steaming for 10 h prior to conventional kiln drying of Rubberwood would not only increase its drying rate but also reduce the manifestation of drying defects (Table 2 ). It is apparent that pre-steaming offers economic benefits to Rubberwood furniture manufacturers, as it shortens the drying time and also improves material recovery.
